Treatment of melon hypocotyls or petioles with an elicitor from Colletotrichum lagenarium, a fungal pathogen of melons, causes an initial transitory inhibition of protein synthesis and, after 18 hours, induces the synthesis of a plant cell wall hydroxyproline-rich glycoprotein (HRGP). Microgram amounts of elicitor are sufficient for maximum elicitation of HRGP when the elicitor is injected into hypocotyls. High elicitor concentrations have a strong inhibitory effect on total protein synthesis. Ethylene is increased early in elicitor-treated plant material, and may be involved in HRGP elicitation. In the presence of aminoethoxyvinylglycine, an inhibitor of ethylene synthesis, both elicitor-induced ethylene and elicitorinduced HRGP are inhibited. On the other hand, 1-aminocyclopropane-1-carboxylic acid, the direct precursor of ethylene, triggers the synthesis of HRGP to the same extent as the elicitor of C. lagenarium, and partly restores in elicitor-treated petioles the synthesis ofethylene and ofHRGP after previous inhibition by aminoethoxyvinylglycine. Elicitation of HRGP occurs in other systems, such as soybeans when inoculated with an elicitor from Phytophtora megasperma f. sp. glycinea, and when melons are incubated with an elicitor isolated from their cell walls.
The increased production of ethylene is one of the earliest chemically detectable events in pathogen-infected plants (19, 21, 23) . It has been proposed that, in some instances, ethylene could stimulate defense mechanisms against pathogens. In infected melon seedlings, we have demonstrated that ethylene release precedes and is involved in the accumulation of a wall HRGP2, and that this accumulation is associated with the defense of melons against Colletotrichum lagenarium (7, 23) . HRGP accumulation and resistance are also induced in melon seedlings treated by ethylene prior to inoculation with this pathogen (7) .
Interaction of plants with fungal elicitors also leads to an enhanced ethylene synthesis (24) . Inasmuch as ethylene might be involved in triggering defense responses, using elicitors could be a convenient mean of studying the defense of plants against microorganisms. As an approach to this question, we have studied the effects of elicitors on ethylene and on cell wall HRGP biosynthesis, and the possible relationships between these effects.
The results obtained with elicitors from two fungal pathogens, ' Supported by a Centre National de la Recherche Scientifique-DGRST-INRA Action Thematique Programmee 'Microbiologie 1982'. 2Abbreviations used: HRGP, hydroxyproline-rich glycoprotein; Pmg, Phytophiora megasperma f. sp. glycinea; ACC, I-aminocyclopropane-lcarboxylic acid; AVG, aminoethoxyvinylglycine.
and an endogenous plant cell wall elicitor are reported in this paper.
MATERIALS AND METHODS Biological Material. Melon (Cucumis melo L. cv Cantaloup charentais) and soybean (Glycine max L. cv Harosoy 63) seedlings were grown as previously described (5) . The mycelium of Colletotrichum lagenarium, a fungal pathogen of melon, was obtained from a liquid culture of the fungus (5).
Elicitors. Fungal Elicitors. The elicitor fraction of C. lagenarium used in these studies is the ethanol-soluble fraction obtained after ethanol precipitation ofan aqueous extract ofthe mycelium (24) . An elicitor of Phytophtora megasperma f. sp. glycinea was also used in our experiments; this elicitor called fraction I glucan (2) was kindly supplied by the laboratory of Prof. P. Albersheim (University of Colorado).
Plant Elicitor. A crude preparation of endogenous elicitor was obtained from melon cell walls which had been previously isolated from plant leaves by grinding and successive washings in phosphate buffer, Triton X-100, sodium salts, distilled H20, and acetone (6) . The soluble material released by autoclaving the cell walls in water (100 mg/10 ml) at 118°C (12 p.s.i.) for 20 min was separated from the residue by filtration and evaporated to dryness under reduced pressure. This material, suspended in 50 mM phosphate buffer (pH 6.0), was the endogenous elicitor preparation used in this work.
Assays for Elicitor Activity. Petioles (2 g) from the first leaf of 25-d-old melon seedlings were cut into 1-cm segments, incubated under white fluorescent light (10 w/m2) in 12-ml vials containing the elicitor or other compounds to be tested, and solubilized in 5 ml of 50 mm phosphate buffer (pH 6.0), as reported, without a CO2 trap (23) . The vial was then stoppered with a serum cap.
Alternatively, compounds to be tested were solubilized in 50 mM phosphate buffer (pH 6.0) and inoculated into hypocotyls of 14 (Table  II; Figs 1-4, 6), the data of one typical experiment are reported. Whenever possible, the statistical validity of the data presented, expressed as P, was evaluated using distribution-free methods such as Wilcoxon, Mann and Whitney, and Spearman tests (14) .
RESULTS
Effect of a Fungal Elicitor on HRGP and Ethylene Biosynthesis in Plant Tissues. The elicitor of C. lagenarium used in this study was the ethanol-soluble fraction as it was available in the largest quantities. 24 and 30 h (P < 0.01).
The biosynthesis of HRGP was subsequently measured in the presence of AVG and ACC, respectively an inhibitor of the biosynthesis of ethylene and a precursor of this hormone. In the presence of AVG at increasing concentrations, the elicitor-induced ethylene was decreased, and this decrease was paralleled by a quantitatively similar inhibition of HRGP synthesis (Fig.  3) . ACC, on the other hand, was used for a comparison with the elicitor-induced ethylene. The stimulation of HRGP biosynthesis by ACC started within 4 to 6 h after the addition of the compound. Table II shows that at Although ACC was more effective than the elicitor in triggering ethylene production, such an effect was not observed on HRGP synthesis, presumably because maximum effect of ethylene on HRGP is already obtained at relatively low ethylene concentration, as mentioned in a previous paper (7) . This also indicates that high ethylene production is not responsible for the observed inhibition of HRGP synthesis at high elicitor concentrations.
In a further experiment, ACC was used in order to overcome the AVG inhibition of elicitor-induced ethylene (Fig. 4) (Fig. 5) . However, protein synthesis was restored after 24 h at low elicitor concentrations (Table III) . Under the same conditions, during short experiments, proline (Table III) and hydroxyproline (Table I ) incorporation into cell wall proteins exhibited the same kinetics as leucine, but became higher than the control at 24 and 30 h of incubation with elicitor (Table III) . The data presented in Figure 5 , Table I, and Table  III 
ELICITORS OF ETHYLENE AND HYDROXYPROLINE-RICH GLYCOPROTEIN a)
U,~~~~~~~~~~0 ~~~~1 6 - ( 12, 13) . The activity of these two kinds of elicitors was measured on HRGP biosynthesis. Figure 6 shows that jig amounts of the Pmg phytoalexin elicitor were sufficient to trigger the synthesis of ethylene and of HRGP in soybean hypocotyls inoculated with this elicitor.
The endogenous melon cell wall elicitor was still more efficient than fungal elicitors in the induction of ethylene and of HRGP biosynthesis in melons (Fig. 7) , HRGP being stimulated by a Inhibition of HRGP biosynthesis was observed at high concentration of the two elicitors, as in the case of the elicitors of C. lagenarium. These data demonstrate that elicitation of HRGP is not restricted to the interaction of melons with a fungal elicitor. It occurs in another plant-fungal elicitor interaction (soybean-P. megasperma) and also in the same melon plant, treated by an endogenous elicitor. DISCUSSION Accumulation of HRGP is a common response of numerous dicots when they are attacked by microorganisms, viruses, and presumably other pests (8; data not shown). In melons, this accumulation is associated with the defense of plants against C. lagenarium (7) . In potato and tobacco, HRGPs with agglutinin properties, have also been reported to interact with avirulent bacteria, and with fungi (9, 10, 15, 18, 22) . Ethylene is thought to play a role in the accumulation of HRGP in healthy (7) well as in infected plants (23) . Since ethylene can be induced in plants by treatment with fungal elicitors, this work was aimed at studying the effect of elicitors of fungal and plant origin on HRGP biosynthesis. It demonstrates for the first time the following points: (a) elicitors of ethylene isolated from C. lagenarium (24) elicit the synthesis of HRGP; (b) endogenous plant cell wall elicitor elicits HRGP even more than fungal elicitors; (c) an elicitor of phytoalexin from P. megasperma induces the synthesis of HRGP; (d) relationships do exist between the elicitation of ethylene and of HRGP, but are not presently understood; (e) elicitors of C. lagenarium strongly inhibit protein and HRGP synthesis when they are used at high concentrations.
The fact that endogenous elicitors trigger HRGP biosynthesis could be meaningful in those situations where HRGP is increased whereas no fungal elicitors are involved, i.e. bacterial infections or wounding. In addition to the above reported properties, elicitors, either of fungal or of plant origin, elicit the synthesis of phytoalexins in plants (2, 13 
